Abstract -Mobile elements are ubiquitous and extremely active agents of genome variability and evolution. They contribute the bulk of DNA in most eukaryotic genomes, and promote various chromosomal rearrangements more efficiently and often more specifically than other cellular processes (i.e. deletions, duplications and inversions). The Class II element mariner is present from fungal genomes to invertebrates and vertebrates. In this paper, the identification and chromosomal localization of a new mariner-like element is reported in the genome of Trimerotropis pallidipennis, a grasshopper species with a high incidence of polymorphic inverted rearrangements with adaptive significance. This element was detected by FISH in centromeric and telomeric regions of most autosomes with pericentric inversions, and also in the X-chromosomes. These chromosome regions coincide in most cases with the extremes of inversions, suggesting a possible role mariner element played in the origin of inverted rearrangements in T. pallidipennis.
INTRODUCTION
Transposable elements (TE) are potent mutagenic agents with the potential to produce a wide array of changes in the genomes of their hosts; consequently, they have been suggested to play an important role in organism evolution (McDonald 1998; Kidwell and Lisch 2000; 2001) . TE have been found at the origins of numerous types of chromosomal rearrangements in a wide range of organisms (Daveran-Mignot et al. 1998; Kim et al. 1998; Caceres et al. 1999; Hughes et al. 2001; Aulard et al. 2004) , and can induce mutations such as deletions, duplications, inversions and reciprocal translocations (Kidwell 2002) . It can be then stated that these elements are most probably responsible for a significant proportion of the observed karyotype variation among many groups (Kidwell 2002) .
TEs are classified by their sequence structure and transposition mechanisms (Finnegan 1989 (Mandrioli 2000; 2003) .
In this paper, the identification and chromosomal localization of a new mariner-like element is reported for the first time in the genome of the pallidwinged grasshopper Trimerotropis pallidipennis Burmeister (Acrididae: Oedipodinae). This species ranges from Canada to Argentina, making it the most widely distributed bandwinged grasshopper in the new world. Outbreak numbers damage forage of their habitats and also crops like carrots, sugarbeets, barley, safflower, grapes, milo and corn. South American populations of T. pallidipennis display a high incidence of 5-7 polymorphic rearrangements with adaptive significance (Vaio et al. 1979; Goni et al. 1985; Confalonieri 1988; 1992; 1995; Confalonieri et al. 2002; Confalonieri and Colombo 1989; Colombo and Confalonieri 1996; 2004; Colombo 2002) . Cytological evidence from C-banding techniques demonstrates that rearranged chromosomes show inverted patterns of C-bands, thus supporting the assumption that these rearrangements are the result of pericentric inversions, instead of three-break centromere transpositions (Sanchez and Confalonieri 1993) . Inversion polymorphisms cause functional crossover suppression within the mutually inverted segments of heterozygotes, and as a consequence of this, they are regarded as chromosomal devices that preserve coadapted, tightly linked genes from recombination (Carson 1959) . These gene complexes, called "supergenes" are prone to suffer progressive genetic differentiation that may enhance the adaptation of natural populations to local conditions. Several lines of evidence suggest that inversions in Trimerotropis pallidipennis are special sequences that are maintained by deterministic forces. Three inversions correlate simultaneously with altitude, latitude, and minimum temperature, and two other inversions correlate with longitude and humidity; i.e., they follow similar patterns among independent geographical areas with similar ecological gradients (Confalonieri 1994; Colombo and Confalonieri 1996) . The gradual variations of inversion frequencies were maintained stable over more than ten years (Confalonieri 1994) . Mitochondrial haplotype variation showed no obvious pattern of distribution parallel to the chromosomal differentiation of populations, which indicates that chromosomal clines are not the result of hybrid zones (Confalonieri et al. 1998) . It was then hypothesized that the occurrence of several arrays of alleles (i.e., supergenes) more adapted each to different microenvironments across the ecological gradient would explain the pattern of chromosomal variation observed in this species (Confalonieri et al. 1998; 2002; Colombo and Confalonieri 2004) .
Conversely to the significance of T. pallidipennis inversions polymorphisms, that has been thoroughly investigated and is quite well understood, the study of how these rearrangements arise in natural populations was so far not explored. Like Drosophila, the whole genus Trimeroropis is cytologically characterized by a high incidence of fixed and/or polymorphic inversions (White 1973; Hewitt 1979; John 1983) . This tendency of a biological group to display once and again the same chromosome rearrangement has been put down to both directional selection and to skewed mutational input. On the side of directional selection, White (1973) proposed that the biased tendency is due to random structural mutation followed by repeated selection of the same rearrangement due to exo-or endophenotypic needs: he called this phenomenon "karyotypic orthoselection". The alternative hypothesis of directed mutational input propose the nonrandom occurrence of TE mediated structural mutation as the most plausible mechanisms that explains the accumulation of the same kind of rearrangements in certain groups (Lö nnig and Saedler 2002) . The two possible mechanisms by which TE-associated chromosomal rearrangements can occur are: i) by homologous recombination or ii) by an alternative transposition process (Gray 2000) . Both mechanisms require the existence of TEs at one (ii) or both (i) rearrangement breakpoints of the parental chromosome.
The main goal of the present paper is to analyze, through FISH (Fluorescent in situ Hybridization), the possible occurrence of the newly identified mariner-like transposable elements in the breakpoints of chromosomal inversions of Trimerotropis pallidipennis, in order to gain insight about the origin of these adaptive rearrangements.
MATERIALS AND METHODS
Primers design -Sequences corresponding to the transposon mariner transposase gene from sixteen species representative of different orders of Insecta were downloaded from the "GenBank" (AF035568; AF037060; AF035567; AY155491; AY155493; U24436; U11654; AY155492; AY155490; AF518173; AF518174; AF518176; AF518178; D88671; AB006464; AF465247) and aligned with CLUSTAL W (Thompson et al. 1994) . Primers S637 5'TGGMGATGAAAAAT-GGR and A997 5'GGTGGATGTGGCAAAA-CA were designed from conserved regions of the multiple alignment matrix, using the program "Primer3" versió n 0.6 (Rozen and Skaletsky 2000) . These primers delimit a fragment of 360 bp, corresponding to bp. 637 to bp. 997 of Apis mellifera transposon mariner Ammar1 transposase gene (Accession Number AY155490).
DNA Extraction, PCR amplification and Sequencing methods -DNA extraction from Trimerotropis pallidipennis and Apis mellifera (positive control) specimens preserved in 100% alcohol was performed following the method described in Re-iss et al. (1995) . The hind femur and thorax were used for DNA extraction.
Amplification reactions with primers S637 and A997 were performed in 2 mM Tris-HCl (ph 8); 10 mM KCl; 0.01 mM EDTA; 0.1 mM DTT; 5% glycerol; 3 mM MgCl2; 50 µM of each dNTP; 0.5 µM of each primer and 2.5 units of Taq polymerase (Promega) in final volume of 50 µl. DNA amplification was carried out in a thermal cycler (Eppendorf Master Cycler) under the following temperature profile: 94 o C for 2.5 min followed by 30 cycles of 94°C for 1 min, 50°C for 45 seconds and 72°C for 1 min followed by a final extension at 72°C for 4 min. Double-stranded PCR products were separated by electrophoresis on a 1% agarose gel with TAE buffer containing 0.5mg/ml of ethidium bromide. The band of c.a.360 bp. was excised from the gel and the DNA was purified with QIAquik Gel Extraction Kit (QIAGEN Inc.). The resulting DNA fragment was sequenced, and then used as a probe for in situ hybridization experiments. Nucleotide sequences were obtained with an Applied Biosystems automated 377 DNA sequencer. Sequences have been deposited in GenBank under accession numbers AY884047.
Cytological preparations and Fluorescent in situ hybridization (FISH) -
Two to three follicles from testes fixed in 1:3 acetic acid: alcohol were squashed in a drop of 45% acetic acid. Preparations showing well-spread meiotic metaphase I cells were selected by phase-contrast light microscopy. In this stage the different polymorphic medium chromosomes can be certainty identified, along with their inversion boundaries. After removal of cover slips by freezing, the slides were air-dried to be used for in situ hybridization procedures. The probe was labeled with Dig High Prime (Boehringer Mannheim, Germany) following the manufacturer's procedures. The FISH technique was carried out as previously described by Poggio et al. (1999a; 1999b) . Slide preparations were incubated in 100 µg DNAse-free RNAse/mL in 2× SSC for 1 h at 37 o C in a humidified chamber and washed three times in 2× SSC for 5 min each at room temperature. The slides were post fixed in freshly prepared 4% (w/v) paraformaldehyde in distillated water for 10 min and then washed in 2× SSC for 15 min at room temperature, dehydrated in a graded ethanol series, and air-dried. The hybridization mixture consisted of 50% (w/v) deionized formamide, 10% (w/v) dextran sulphate, 0.1% (w/v) SDS, and 0.3 mg salmon sperm/mL in 2× SSC and 100 Slides were counterstained with 1 µg 4N,6-diamidino-2-phenylindole (DAPI)/mL in 4× SSC −Tween buffer for 25 min at room temperature and then mounted in antifade solution (Vector Lab). Slides were examined with a Carl Zeiss Axiophot epifluorescence microscope with appropriate Carl Zeiss filters. Photographs were taken using Kodak Gold 400 color print film and digitalized.
RESULTS
A 358-bp-long fragment corresponding to a segment of the transposase gene of a mariner-like element (MLE) was successfully amplified from T. pallidipennis genomic DNA using primers S637 and A997 (Accession Number: AY884047). The amplified region lies between WVP(H/R) (E/N)L and YSPDL(A/N)P motifs and encompasses the second D of the DE,D34D signatures within a conserved LLHDNARPH motif (Robertson 1993) .
BlastX analysis of the 358 bp-long sequence retrieved from T. pallidipennis (Tpall358) revealed significant identity with several MLEs, with the highest scores corresponding to two members of the irritans subfamily described by Casse et al.. (2000) and Halaimia-Toumi et al. ) and Cpmar1 (Chrysopersla plorabunda MLE; E-value: 1e -11 ).
After labeling, Tpall358 was used as a probe on meiocytes of T. pallidipennis individuals collected in Uspallata (Mendoza Province, Argentina), a population with high incidence of polymorphic inversions (Confalonieri 1994; 1995; Matrajt et al. 1996; Colombo and Confalonieri 2004) . The male chromosomal complement of T. pallidipennis consists of 2n= 23 members (22 autosomes + XO) grouped in three size classes: large (1-3), medium (4-8 and the X chromosome), and small (9-11). All three large chromosomes and the X-chromosome are submetacentric (SM) (probably derived from ancestral acrocentric morphologies through pericentric inversions), and the remaining ones are basically acrocentric (Vaio et al. 1979) . In Uspallata, chromosomes 4, 6, 7 and 8 are polymorphic for seven pericentric inversions that change the basic acrocentric morphology (A) into many submetacentric (SM1, SM2, SM3, SM4 and SM5), metacentric (M) and inverted acrocentric (AI) forms (Confalonieri and Colombo 1989) .
The FISH experiment demonstrated that all Metaphase I cells show hybridization signals on almost all medium and large chromosomes and in the sexual (X) chromosome (Fig.s 1, 2) . More than fifty well spread Metaphase I meiocytes showed almost the same pattern of hibridization, Fig. 1 A, B. -Metaphase I cells of T. pallidipennis males hybridized with Tpall358 probe and counterstained with DAPI. Double exposure photographs are shown. Bivalents were numbered from 1-11 in decreasing order of size according to Confalonieri & Colombo (1989) . A = acrocentric morphology; AI = inverted acrocentric morphology; SM2, SM3, SM4 = different submetacentric morphologies; M = metacentric morphology. X = sexual chromosome. Arrows indicate hibridization signals of the Tpall358 probe (see text for more details). In B) a detail of a metaphase I cell is shown, with arrows indicating hibridization signals located in telomeric and centromeric regions of an inverted 4AI chromosome and in the pericentromeric region of the submetacentric sexual chromosome.
showing signals at pericentromeric and/or telomeric regions of all chromosomes excepting the medium 8 chromosome and the smaller ones (9-11). Figures 1 and 2 show an example of the pattern observed and its schematic representation, respectively. It is a Metaphase I cell corresponding to an individual with three heteromorphic bivalents (4 A/AI; 7 A/SM2; 8 SM3/SM4). Bivalents 1, 2 and 6 are homomorphic for inverted SM (1 and 2) and M (6) chromosomes and formed two terminal chiasmata each. Bivalent five is composed by two acrocentric chromosomes that recombined through both proximal and terminal chiasmata giving rise to a ring figure. The remaining bivalents form only one chiasma on terminal positions. In every case, the centromeric and telomeric positions are recognized by its orientation on the metaphase plate ("c" in figure 2 ). In chromosome 7SM2, the probe hybridized on the telomeric region that is forming a terminal chiasma; in chromosome six, it hybridized on the centromeric region; and in chromosome 4, it bounded on both extremes of the inverted acrocentric chromosome (AI) (Figure 1 B) . The larger submetacentric bivalents also show hybridization signals in some centromeric (3) and telomeric (1 and 2) regions. Finally, the metacentric X chromosome has sequence homology with the probe in one of their chromosome arms, next to the centromeric region (Figure 1 B) . It is important to point out that although all the mentioned signals were observed in many cells from the same and different individuals, some cells often lacked one of the signals, most probably because of condensation of chromosomes, or because of the position of the homologous sequences that can remain hidden after the squashing procedures. 
DISCUSSION
The mariner elements are class II transposons and they are peculiar because of their extraordinary ubiquity in nature (Robertson 1993; Capy et al. 1994; Auge-Gouillou et al. 1995) . Before the present work, there was only record of a pseudogene of the mariner transposase in just one Orthoptera: Traulia ornata (Accession no. AB055187). Although the affiliation between Tpall358 and bytmar1, and other members of the irritans subfamily, still needs to be confirmed by further sequencing, the absence of a significant relationship between Traulia ornata MLE and Tpall358 is in agreement with the prevalence of horizontal gene transfer as a means of dispersal and expansion of animal mariner transposons (Robertson et al. 1998) . Interestingly, bytmar1 is one of the few examples presenting putatively active transposases, a feature that could be attributed to a continued activity in the genome of the species (Halaimia-Toumi et al. 2004) .
FISH experiments performed in T. pallidipennis demonstrated that the hybridizing probe Tpall358 produce definite signals, generally located in telomeric or centromeric regions of inverted (1, 2, 3, 4, 6 and 7) and non-inverted (5) chromosomes (Figure 1 ). Since the chromosomes in this species are basically acrocentric, telomeric and centromeric regions will coincide with the location of both breakpoints of pericentric inversions (Figure 3 ) in inverted chromosomes, which can be determined with quite certainty in meiotic Metaphase I. Therefore, FISH signals were detected in the predicted places according to the directed mutational input hypothesis. These sites coincide with most inversion breakpoints; nevertheless not in every case we could determine at which end of the inversion the signal was located.
The FISH method applied here allows detecting fluorescent signals only when the number of copies of the sequence is highly repeated, for example, in "tandem". To detect single copy genes it is necessary to use more sensible methodologies like in situ PCR (Bagasra and Hansen 1997) . Therefore, signals detected with Tpall358 probe should correspond to places in the genome where there are clusters of mariner elements. It is recognized that transposons insert preferentially at sites where there are already similar sequences inserted (Rizzon et al. 2002) consequently building the mentioned clusters. Moreover, there are many species that have their genome invaded by several subfamilies of mariner elements, for example, Forficula auricularia (Dermaptera), Ctenolepisma lineata (Thysanura) and Ceratitis capitata (Diptera) (Robertson and Lampe 1995) . The presence of signal at only one breakpoint of the inversion does not necessarily imply that there are no copies of the element in the other end; instead, they can be present but in an insufficient number to be detected by conventional FISH.
From these results, it may be concluded that the mariner elements are not randomly distributed in the genome of T. pallidipennis since, as evidenced with the probe Tpall358, there are sites that show a higher abundance of transposons. Our results are similar to those of the model Drosophila buzzatii and D.pseudoobscura, in which a great diversity of transposons and a novel repetitive element has been demonstrated to exist at inversion breakpoints (Cá ceres et al. 2001; Richards et al. 2005) . The results presented here are also congruent with the model that proposes that rearrangement breakpoints are hotspots for new insertions of transposable elements (Casals et al. 2003) . On the other hand, if transposons tend to accumulate progressively in a region of low gene density, like centromeric and telomeric regions, this would augment the instability in the region (Sheen et al. 1993) , which in time could promote the rearrangements, maybe through recombination between inverted terminals repeats of distant genomic regions (Chalmers and Kleckner 1996; Beall and Rio 1997) .
In the case of D. buzzatii, it is proposed that the instability properties of the sequence galileo, a common factor among paracentric inversions occurring in this species, would be the mediators of rearrangenments, maybe through ectopic recombination processes and owed to the high frequency of transposition that this sequence exhibits (Casals et al. 2003) . In nature, the ability of the mariner element to transpose is demonstrated by its ubiquity, which apparently would be mediated by horizontal transmission (Lohe et al. 1995; Lampe et al. 2003) . Moreover, in vitro assays have demonstrated that the mariner element has a high capacity of transposition and more important, though it is a small element, is able to mediate the insertion of large blocks of DNA (Lindholm et al. 1993) .
One of the controversies in the study of transposons is if their ubiquity and persistence in evolution is due to their replication advantage with respect to the host's genome or to the contribution they make to the genomic plasticity and evolution of this host's genome (Dimitri and Junakovic 1999; Capy et al. 2000) . Such question may be partially answered by studying the distribution of transposons in genomes. While a random localization would give support to the selfish hypothesis, a specific localization could reflect a functional interaction with the host's genome. In the present work, we studied the presence and distribution of one type of transposon, the mariner, of which its ubiquity was demonstrated. Our results, although preliminary, show the mariner sequence at the breakpoints of pericentric inversions and at non-inverted chromosomes of T. pallidipennis, everything that would give support to the functional interaction model, providing interesting hints, about the role of transposons in triggering chromosome rearrangements. Finally, the present study demonstrates, once again, the genomic plasticity that exists in South American Acridids, and gives further insights about the possible role of transposons in this dynamic process. 
